Objective: Previous studies have reported that elderly victims of natural disasters might be prone to a subsequent decline in motor function. Victims of the Great East Japan Earthquake (GEJE) relocated to a wide range of different types of housing. As the evacuee lifestyle varies according to the type of housing available to them, their degree of motor function loss might also vary accordingly. However, the association between postdisaster housing type and loss of motor function has never been investigated. The present study was conducted to investigate the association between housing type after the GEJE and loss of motor function in elderly victims.
INTRODUCTION
With the ageing of societies around the world, loss of motor function among elderly people affected by natural disasters is becoming a significant public health issue. [1] [2] [3] In areas that were seriously affected by the tsunami caused by the Great East Japan Earthquake (GEJE) on 11 March 2011, the prevalence of functional disability among the elderly population increased steeply during the following year, 4 suggesting the influence of not only injury and acute causes, but also chronic factors.
One possible reason for this chronic increase of functional disability among the elderly might be the evacuee lifestyle, which is a problem specific to disaster victims. Approximately 130 000 buildings were completely destroyed by the tsunami that accompanied the GEJE, and many homes were lost. 5 Three years after the disaster, 260 000 people remained displaced from their homes. 6 Studies have indicated that relocated individuals are more likely to experience psychological morbidity after natural disasters. 7 However, the effect of an evacuee lifestyle on health varies according to the type of housing to which people have relocated. Studies have indicated that elderly people who have relocated to temporary housing have a worse perception of their quality of
Strengths and limitations of this study
▪ This study is the first to have reported an association between housing type after the Great East Japan Earthquake and loss of motor function. ▪ This study examined the chronic effect on motor function 1 year after the disaster. ▪ A larger sample size would have been desirable to examine the influence of the various types of housing. ▪ As this study was based on data from only one city (Ishinomaki), its external validity was not clear.
life than others, 8 and that those who have relocated to temporary trailer or newly purchased/rented residence are more likely to experience post-traumatic stress disorder symptoms and psychological distress. [9] [10] [11] Possible reasons for this housing-related effect on health include differences in both living environment and social support from relatives and friends. 7 8 Victims of the GEJE have relocated to a wide range of different housing types, including temporary housing, the homes of relatives and so on. 12 Prefabricated temporary housing and privately rented temporary housing were provided by the government as emergency temporary housing. 13 However, these two types of housing were located in different areas, which meant that ease of access to facilities such as hospitals and supermarkets varied. As prefabricated temporary housing was erected on unused, undeveloped land, there were no facilities or public transport services in the surrounding areas. Therefore, those who were living in prefabricated temporary housing found it difficult to access facilities.
14 In contrast, most privately rented temporary housing was likely to be located in urban areas with easy access to such facilities. Therefore, people living in prefabricated temporary housing might have been discouraged from going out, thus decreasing its frequency. The various procedures required for relocation to these two types of housing might also have affected social support from relatives and friends in different ways. In some places, people were relocated to prefabricated temporary housing on the basis of administrative district, 15 meaning that many people would have had relatives and friends living nearby. People who relocated to privately rented temporary housing, however, did so as individual households, 15 meaning that they did not have relatives or friends living nearby; therefore, their environment would have lacked social support from relatives and friends. In environments with little social support from relatives and friends, people have few opportunities to go out because they lack local company for sharing hobbies or other activities; therefore, they tend to remain at home. There has also been concern that absence of psychological support from relatives and friends reduces individual motivation, again discouraging people from going out. These differences in living environment and social support from relatives and friends mean that displaced elderly people go out less frequently and there is a decrease in physical activity. This leads to a decline in musculoskeletal and cardiopulmonary function, and possibly motor function. 16 If motor function declines, it becomes even more troublesome to go out, creating a vicious cycle that leads to further decline in motor function. 14 Our hypothesis, therefore, is that elderly people who have relocated to temporary housing after a natural disaster might be prone to a decline in motor function. To the best of our knowledge, however, no study has yet reported an association between relocation to a specific housing type and loss of motor function. The aim of the present study was to investigate the association between the type of housing to which elderly people relocated after the GEJE and loss of motor function.
METHODS

Participants
To assess the state of health and lifestyle habits of victims of the GEJE, health surveys were carried out by Tohoku University Graduate School of Medicine every 6 months from June 2011 after the disaster. These surveys, employing interviews and self-administered questionnaires, were carried out in two coastal towns, Oshika and Ogatsu, located in the area of Ishinomaki City, Miyagi Prefecture. The study population comprised 2504 men and women aged ≥65 years (as of 31 March 2012) on the basis of data taken from the Basic Resident Registration system of the Oshika and Ogatsu towns of Ishinomaki City, or data from previous health surveys that included known addresses in June and July 2012 (figure 1). We excluded 1605 elderly questionnaire nonrespondents, 85 persons who did not consent to participate, 17 persons who either did not indicate their current housing type or answered 'Other', and 16 persons who did not respond to at least one of the items in the Kihon checklist, leaving a total of 781 persons. Thereafter, we excluded 303 persons who did not provide valid answers for the Kihon checklist in the subsequent health survey carried out in May and July 2013. Thus, 478 responses were analysed for the purposes of this study.
Housing type after the GEJE (exposure measure) With respect to housing after the GEJE, participants were asked to circle the option that best described their current main place of residence from among the following: same housing as that before the GEJE (no relocation), prefabricated temporary housing, rental housing, the homes of relatives, reconstructed housing or privately rented temporary housing. Of the baseline housing categories, rental housing and privately rented temporary housing were placed in the same category because they were considered to represent the same form of housing, and the following five categories were used as exposure variables: same housing as that before the GEJE, prefabricated temporary housing, privately rented temporary housing/rental housing, the homes of relatives or reconstructed housing.
Emergency temporary housing, which included prefabricated temporary housing and privately rented temporary housing, was considered to be housing provided by the government to secure temporary accommodation for people who were unable to continue living in their own homes after the GEJE. 13 The local government defined the temporary housing entry criteria as 'any person who has lost a place of residence due to the disaster and is having difficulty securing a new dwelling house for long-term occupation through his/her own efforts (eg, household economy)' without any distinction regarding the type of temporary housing.
Same housing as that before the GEJE The same housing as that before the GEJE referred to continuing to live in the same housing after the GEJE as that before the disaster.
Prefabricated temporary housing
Prefabricated temporary housing was characterised by high humidity, poor insulation and air tightness, thin internal walls that were far from soundproof and poor access.
14 In some cases, residents were moved into prefabricated temporary housing on the basis of administrative district rather than by single households in order to maintain existing networks of social support from relatives and friends. 15 Privately rented temporary housing Privately rented temporary housing comprised existing privately rented housing that had been rented by the government and used as emergency temporary housing. 17 In this study, privately rented temporary housing also included leased public housing. There were two reasons for the use of privately rented temporary housing. One was that a shorter time was required before residents could move in because it was already in use as housing. The other was that privately rented temporary housing was cheaper than prefabricated temporary housing because no construction costs were necessary. 15 Motor function (outcome measure) The study outcome, motor function, was assessed in terms of the following five yes-or-no questions from the motor function score of the Kihon checklist: 'Can you climb stairs without holding onto a handrail or wall?', 'Can you get up from a chair without grabbing something?', 'Are you able to walk for about 15 minutes?', 'Have you fallen in the past year?' and 'Are you very worried about falling?'. Previous validation studies have reported that the motor function score of the Kihon checklist is correlated with objective measurements of motor function, and predicts incident functional disability. [18] [19] [20] The responses were scored as 1 point for each negative response, and the total score for all five questions (0-5 points) was calculated.
Covariates
This survey included questions about present illness (stroke, myocardial infarction, kidney disease and cancer), body weight, height, smoking, drinking, subjective health, insomnia, social capital, psychological distress, social networks, subjective household economic status, physical activity and outdoor physical activity before the GEJE. Body weight and height were measured. Subjective health was assessed by asking the question 'What is your state of health?' for which available responses were 'Very good', 'Somewhat good', 'Not good' and 'Bad'. Insomnia was assessed using the Athens Insomnia Scale. 21 22 Social capital was assessed by asking the following four questions: 'Do the people around you help each other?', 'Can you trust the people around you?', 'Do the people around you greet one another?' and 'If some sort of problem occurs, do the people around you work together to try and solve it?'. The participants were asked to choose one of the following responses: 'Not at all', 'Not really', 'Neither', 'True to some extent' and 'Very true'. The answers were scored from 0 to 4 points on a scale of increasing positivity, and the total score for all four questions (0-16 points) was calculated. Psychological distress was assessed using the Kessler 6-Item Psychological Distress Scale (K6). 23 24 Social networks (family and friendship ties) were assessed using the Lubben Social Network Scale-6. 25 26 Subjective household economic status was assessed by asking the question 'How do you feel about your current household economy?' for which available responses were 'Poorest', 'Poorer', 'Poor' and 'Fair'. Physical activity was assessed in terms of the following three parameters: daily physical activity, frequency of going out and walking time. 27 These items were scored from 1 to 5 points on a scale of increasing physical activity, and the total score for all three questions (3-15 points) was calculated. Outdoor physical activity before the GEJE was assessed by asking the question 'How physically active were you during the day?' for which available responses were 'I was very active both inside and outside the house', 'I was very active indoors', 'I spent a lot of time sitting', 'I sometimes used to lie down' and 'I spent most of the time lying down'. These data were taken from two prebaseline surveys ( JuneAugust 2011 and October 2011-February 2012).
Statistical analysis
Baseline characteristics were evaluated by using the χ 2 test for categorical variables and ANOVA for continuous variables. 'Loss of motor function' was defined as a change equal to or greater than 1 SD (2 points) from the mean change 1 year after the baseline in the motor function score of the Kihon checklist. We used multivariate logistic regression analysis to calculate the OR and 95% CI for having loss of motor function according to the categories of housing type after the GEJE. We established respondents living in the same housing as that before the GEJE as the reference category and investigated the association between the housing type after the GEJE and loss of motor function by using the following models.
Model 1 was adjusted for sex and age (continuous variable). Model 2 was adjusted for sex, age, town (Oshika or Ogatsu), smoking (smoker, non-smoker or missing), drinking (drinker, non-drinker or missing), body mass index (in kg/m 2 ; <18.5, 18.5-24.9, ≥25.0 or missing), the motor function score of the Kihon checklist at the baseline (continuous variable) and outdoor physical activity before the GEJE (very active both inside and outside the house, not active outside the house or missing). Motor function score of the Kihon checklist at the baseline was taken into account because it was assumed that it would impact on the degree of change in motor function over time. 28 Outdoor physical activity before the GEJE was taken into account because it was assumed that people who had been very physically active before the disaster would have retained high levels of physical activity whatever their housing type, thus affecting motor function outcome.
We stratified the responses by sex (men or women) and age (<75 years or ≥75 years), and calculated their interactions with housing type after the GEJE. When calculating these interactions, we used cross-product terms of housing type after the GEJE with sex or age. In addition, we performed two exclusion analyses. One excluded participants with low motor function (≥4 points for the motor function score of the Kihon checklist) at the baseline, and the other excluded participants who had some form of illness (stroke, myocardial infarction, kidney disease or cancer) at the baseline. The multivariate adjustment model (Model 2) was used for analyses of interactions and exclusion analyses.
All data were analysed using IBM SPSS statistics software V.22 (IBM Japan, Tokyo, Japan). All statistical tests described here were 2-sided, and differences at p<0.05 were accepted as significant.
RESULTS
Basic characteristics
The mean age±SD of the participants was 73.4±5.4 years; 63.0% were aged <75 years and 47.1% were men. With regard to housing type at the baseline, most of the participants (195; 40.8%) stated that they were living in the same housing as that before the GEJE, 184 (38.5%) were living in prefabricated temporary housing, 64 (13.4%) in privately rented temporary housing/rental housing, 26 (5.4%) in the homes of relatives and 9 (1.9%) in reconstructed housing. We considered that a total of 53 participants (11.1%) had loss of motor function.
The baseline characteristics of participants according to the type of housing they were living in after the GEJE are shown in table 1. Participants living in the same housing as that before the GEJE were less likely to have low physical activity. Participants living in prefabricated temporary housing were more likely to have stroke as a present illness, and to have low physical activity, followed by those living in privately rented temporary housing/rental housing. Participants living in privately rented temporary housing/rental housing were more likely to be men, to be current smokers, to have kidney disease or cancer as a present illness, to have subjectively poor health and subjectively poor household economic status, to suffer from psychological distress and insomnia, to have little social capital and low motor function, and to have low physical activity and high outside physical activity before the GEJE. Participants living in the homes of relatives were more likely to have marginal friendship ties, and to have myocardial infarction as a present illness. Participants living in reconstructed housing were more likely to be current alcohol drinkers.
Association between housing type after the GEJE and loss of motor function
The association between housing type after the GEJE and loss of motor function is shown in table 2. Participants who showed loss of motor function accounted for 10.3% of those living in the same housing as that before the GEJE, 10.3% of those in prefabricated temporary housing, 20.3% of those in privately rented temporary housing/rental housing, 3.8% of those in the homes of relatives and 0% of those in reconstructed housing. In comparison with participants who were living in the same housing as that before the GEJE, the multivariate adjusted OR (95% CI) for loss of motor function among those in privately rented temporary housing/rental housing was 2.62 (1.10 to 6.24), which represented a significant increase. There was no significant association among those in prefabricated temporary housing (OR: 1.05, 95% CI 0.52 to 2.12) or the homes of relatives (OR: 0.37, 95% CI 0.04 to 3.14). The Hosmer-Lemeshow goodness of model fit test did not indicate significance ( p=0.589).
Stratified analyses of the association between housing type after the GEJE and loss of motor function
In this study, two stratified analyses of interaction by sex and age were performed (table 3). Housing type after the GEJE showed no interactions with sex or age. Two exclusion analyses were also performed (table 3) . Analysis excluding participants with low motor function at the baseline revealed significant loss of motor function among those living in privately rented temporary housing/rental housing (multivariate adjusted OR 2.53 (95% CI 1.06 to 6.03)). Analysis excluding participants in whom illness had been present at the baseline also revealed significant loss of motor function among those living in privately rented temporary housing/rental housing (multivariate adjusted OR 2.87 (95% CI 1.15 to 7.17)).
DISCUSSION
In this prospective observational study, we investigated the association between housing type after the GEJE and loss of motor function among elderly people who were living in affected areas. One year after the disaster, the study participants were living in various types of housing: same housing as that before the GEJE, prefabricated temporary housing, privately rented temporary housing, rental housing, the homes of relatives and reconstructed housing. We found that elderly people who had relocated to privately rented temporary housing/rental housing showed significant loss of motor function. However, no such significant association was found for elderly people who had relocated to prefabricated temporary housing, the homes of relatives or reconstructed housing. Previous studies have reported the health-related effect of living in privately rented temporary housing or rental housing. The prevalence of post-traumatic stress disorder is reportedly higher among individuals who have relocated to newly purchased/rented housing, 9 furthermore, in Japan, it has been shown that the incidence of psychological distress among elderly people living in privately rented temporary housing is almost twice as high as that among those living in the community. 10 11 Although the present study had a different outcome, our results were consistent with those of previous studies in that people who had relocated to privately rented temporary housing/rental housing were in poorer health.
The present study considered both the ceiling effect and the effect of reverse causality. First, we were concerned that the main findings might be explained by the ceiling effect. 29 If a large number of participants with high motor function scores (close to the maximum) at the baseline were still living in the same housing as that before the GEJE, their motor function score would not worsen. In such a case, loss of motor function would have been observed among those living in privately rented temporary housing/rental housing. However, even when participants with high motor function scores (≥4 points) at the baseline were excluded, the significant association with privately rented temporary housing/rental housing was still observed. Therefore, it seemed unlikely that the main findings of the present study were explained by the ceiling effect. Second, we were concerned that the main findings might be attributable to reverse causality. More participants with a present illness might have relocated to privately rented temporary housing/rental housing located in urban areas in order to obtain easier access to medical institutions. It is therefore possible that reverse causality may have been responsible for the significant association observed for privately rented temporary housing/rental housing. To account for the effect of reverse causality, participants who already had an illness at the baseline were excluded, but the significant association with privately rented temporary housing/rental housing still remained. Therefore, it seemed unlikely that the main findings of the present study were also attributable to reverse causality.
Lack of social capital is another possible reason for the significantly higher rate of motor function loss that has been observed among participants living in privately rented temporary housing/rental housing. Participants living in privately rented temporary housing/rental housing included the highest proportion of individuals with little social capital (16.1% at the baseline), although the proportion of those with social isolation, including friendship ties, was not high (table 1) . This low level of social capital associated with privately rented temporary housing/rental housing might have been attributable to the fact that people relocated by single households independently, whereas relocation to prefabricated temporary housing was organised according to administrative district. 15 Participants relocated to privately rented temporary housing/rental housing also included the highest proportion of individuals with low physical activity at the baseline (table 1). Little social capital is known to be a risk factor for the physically inactive. 30 31 For those living in prefabricated temporary housing, however, the OR was lower than for those living in privately rented temporary housing/rental housing, and there was no significant association. Only 5.4% of study participants living in prefabricated temporary housing reported having little social capital, being less than half the proportion of those living in privately rented temporary housing/rental housing who reported this problem. One reason for this may have been that relocation to prefabricated temporary housing was organised according to administrative district, 15 and therefore relatives and friends would have been living nearby. Assembly halls were also provided near areas of prefabricated temporary housing, 13 which enabled disaster victims to socialise with each other and create new social networks. Support for elderly disaster victims was also facilitated by the creation of new social networks and exercise programmes offered by the government, hospitals, private organisations and universities. 32 This type of support also offered opportunities for disaster victims to socialise among themselves, thereby alleviating their lack of social capital. Exercise classes might also have been directly helpful for prevention of motor function loss. 33 Such support was offered mainly to people living in prefabricated temporary housing, and in fact there have been few reports of this sort of assistance being offered to people living in privately rented temporary housing/ rental housing or other types of housing. In practice, because of the laws designed to safeguard personal information in Japan, the government is unable to reveal information about the identity of residents living in privately rented temporary housing. This meant that if they did not appeal on their own, they would be unable to receive support from private organisations. 15 This suggests that there may have been no significant association for prefabricated temporary housing because of the availability of social support from their surroundings.
In Japan, the housing policy being considered in the event of future large-scale disasters is to increase the number of people who are relocated to privately rented temporary housing if they can no longer remain in their own homes. However, our present analysis shows that relocating elderly people to privately rented temporary housing/rental housing has an adverse effect on their health. Therefore, future rehousing policies for elderly disaster victims will need to consider the issue of social capital.
This study had some limitations. First, the sample size was small, and this may have hindered adequate assessment of motor function loss in participants who were living in prefabricated temporary housing, in the homes of relatives or in reconstructed housing. Second, the external validity of our findings was unclear because this study was based on data from only a single city, Ishinomaki. Third, the Kihon checklist used in this study as an outcome measure has a narrow range of possible scores, which might have made changes difficult to detect, thereby rendering it insensitive as an index. Fourth, as 24 participants (37.5%) who were living in privately rented temporary housing/rental housing at the baseline did not answer the question about housing type or relocated from privately rented temporary housing/rental housing 1 year later, the results might not have reflected the true effect of this form of housing on motor function. An analysis of only those participants who stated that they were living in the same type of housing at the baseline and 1 year later (n=411) showed that the multivariate adjusted OR for privately rented temporary housing/rental housing was 2.09 (95% CI 0.76 to 5.78), which tended to be higher, although the association did not reach statistical significance. Therefore, if all the participants who had relocated to privately rented temporary housing/rental housing could have been followed up, it is unlikely that the present results would have changed. Fifth, in this study, the rate of valid responses at the baseline was not high (35.9%), and therefore our study population might not have included people who had a higher risk of motor function decline, thus leading to possible underestimation of the risk of motor function loss.
CONCLUSIONS
In this study, significant loss of motor function was found among elderly people who had relocated to privately rented temporary housing/rental housing after the GEJE, in comparison with those who had continued to live in the same housing as that before the disaster. This suggests that if relocation is necessary after a disaster, rehousing policies should ensure that elderly people retain their social capital.
